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As a natural defense mechanism of the immune system, a 
group of white blood cells known as B cells produce antibod-
ies to neutralize and clear pathogens and toxins from circu-
lation. In order to increase the antibody binding strength, B 
cells undergo two types of genomic alterations: somatic hy-
permutation and class switch recombination (CSR). CSR is 
accomplished by the B cell-specific activation-induced cyti-
dine deaminase protein (AID) which allows activated B cells 
to produce antibodies of different isotypes, which have dis-
tinct effector functions. Current research concerning the na-
ture of antibody diversification examines the role of specific 
proteins in the CSR process. To test the role of these genes 
in CSR, I cloned the cDNAs of these genes. Through poly-
merase chain reaction (PCR) and PCR clean-up, the PCR 
products were ligated into an expression vector that harbours 
a drug-resistant gene. A variety of primers including RNF20 
’UTR, RNF40 ‘UTR, RNF40 clone and RNF40 clone targeted 
cDNA samples through gradient PCR. Although electropho-
resis analyses show inconsistency with PCR products, con-
clusions can be drawn about the efficiency of primers, Phu-
sion, and cDNA samples. Successful PCR products will be 
expressed in the CH12F3-2 B cell line that undergoes CSR at 
high rates and assess whether the CSR process is affected. I 
will also knockdown RNF20 and RNF40 by siRNA. If the hy-
pothesis is correct, RNF20 and RNF40 will be discovered to 
be critical factors in the CSR process in B cells, and therefore 
in establishing an effective antibody response that is critical in 
protective immunity
En tant qu’un mécanisme de défense naturel du système 
immunitaire, un groupe de globules blancs appelés lympho-
cytes B produisent des anticorps afin de neutraliser et élimi-
ner les agents pathogènes et les toxines de la circulation.  
Afin d’augmenter la force de liaison des anticorps, les cel-
lules B subissent deux types d’altérations génomiques: une 
hypermutation somatique et une commutation de classe des
When foreign antigens are pres-
ent in the body, a group of im-
mune cells known as B lympho-
cytes produce antibodies to mark 
them for destruction. Each anti-
body monomer consists of two 
heavy and two light chain com-
ponents that assemble into a Y-
shape protein, the variable tips 
of which are structured to bind 
tightly to a specific epitope on the 
antigen. Naïve B-cells produce 
two isotypes of antibodies, IgM 
and IgD. Upon activation, the B-
cells can undergo class switch 
recombination (CSR) to produce 
IgA, IgE and IgG antibodies and 
respond to a greater range of im-
munological stimuli.
In this report, Cathy Tie designed 
several oligonucleotide pairs 
and tested their ability to amplify 
RNF20 and RNF40, genes that 
are involved in the E3 ubiqui-
tin ligase cascade. It has previ-
ously been shown that CSR is 
dependent on the ubiquitination 
of proliferating cell nuclear anti-
gens. Cathy’s study will lead to 
the development of expression 
plasmids for RNF20 and RNF40, 
which can subsequently be used 
to study the effect of these factors 
on the CSR of B-cells
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entreprises (RSE).  La RSE se réalise grâce à l’activation induite des protéines cytidine désaminase 
(AID) spécifique aux cellules B, qui permet aux cellules B activées de produire des anticorps de dif-
férents isotypes détenant des fonctions effectrices différentes.  La recherche actuelle concernant la 
nature diversifiée d’anticorps examine le rôle de protéines spécifiques dans le processus RSE.  Afin 
de tester le rôle de ces gènes dans RSE, j’ai cloné l’ADNc dans ces gènes.  Par réaction en chaîne 
par polymérase (PCR) et la purification PCR, les produits obtenus par PCR ont subi une ligature dans 
un vecteur d’expression qui abrite un gène résistant aux médicaments. Une variété d'amorces dont 
RNF20 ’UTR, RNF40‘UTR, le clone RNF40 et le clone RNF40 ciblaient des échantillons d’ADNc par un 
gradient PCR. Bien que les analyses d'électrophorèse montrent une certaine incompatibilité avec les 
produits de la PCR, certaines conclusions au sujet de l’efficacité des échantillons d’amorces, de Phys-
ion et de l’ADNc peuvent en être tirées. Les produits de la PCR retenus seront exprimés dans la lignée 
cellulaire CH12F3-2 B qui subit la RSE à des taux élevés pour ensuite évaluer si la démarche RSE est 
affectée. Je vais aussi effectuer un choc sur les gènes RNF20 et RNF40 par ARNsi. Si l'hypothèse est 
juste, le RNF20 et RNF40 seront identifiés en tant que facteurs critiques dans le processus RSE dans 
les cellules B, et donc critiques dans l’établissement d’une réponse d’anticorps efficace de l'immunité 
protectrice.
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Background
The presence of pathogens and toxins are detect-
ed and combatted by the immune system. A group of 
white blood cells known as B lymphocytes or B cells 
recognize free antigen molecules and consequently 
mature into plasma cells that secrete antibodies (also 
known as immunoglobulin) specific to these anti-
gens. An effective immune response requires B cells 
to undergo both somatic hypermutation and class 
switch recombination (CSR) to provide diversification 
in antigen recognition.[1] Through the process of V(D)
J recombination, immature B cells create the antigen 
binding site of antibodies through the random assem-
bly of variable (V), diversity (D), and joining (J) seg-
ments into one coding exon.2 The large repertoire of 
antibodies of one class generated through this pro-
cess possess different abilities. One antibody class 
is often insufficient to combat all types of pathogens 
and is unable to act in all environments of the body. 
In order to effectively neutralize and clear pathogens 
and toxins, B cells must produce and secrete anti-
bodies of higher affinity and of different classes.[2] 
The process of increasing the affinity of antibodies is 
known as somatic hypermutation. In somatic hyper-
mutation, mutations are introduced into the variable 
region of the antibody gene, which encodes the bind-
ing region of the antibody. This ultimately maximizes 
binding affinity between the antibody and the anti-
gen. The antibody constant regions, however, define 
the antibody class. Distinct antibody classes have dif-
ferent effector functions and these constant regions 
can be replaced with other constant regions through
class switch recombination (CSR). CSR can thus 
change antibody effector functions without changing 
the antibody binding site. Class switch recombina-
tion (CSR) is induced by activation-induced cytidine 
deaminase (AID), which leads to CSR by deaminat-
ing deoxycytidines within immunoglobulin switch re-
gions.[2] The detection and processing of the mutated 
residues by base excision repair and/or mismatch 
repair machineries generates double-stranded DNA 
breaks (DSBs) at switch regions.[2] The DSBs cause 
B cells to signal a damage repair response, similar to 
that signaled by irradiated cells, in attempts to mend 
the resultant breaks. CSR involves the removal of 
portions in the antibody heavy chain locus from the 
chromosome and the religation of surrounding gene 
segments to generate a different antibody gene that 
produces antibodies of a different isotype.[2] Segments 
of the heavy chain locus, (ȏ, Ч, ɣ3) are removed by 
enzyme activity between switch regions (Figure 1). 
This is followed by non-homologous end joining of 
the flanking regions.[2] Consequently, the B cell ex-
presses antibodies of a different isotype. The DSBs 
are commonly recognized by sensor-kinase protein 
complexes, such as the Mre11-Rad50-Nbs1 (MRN)/
ataxia telangiectasia mutated (ATM), Ku70/Ku80-
DNA-PKcs, and ataxia-telangiectasia and Rad3-re-
lated (ATR)-ATR-interacting protein complexes. The 
end joining of DNA in surrounding genes is triggered 
by sequential chromatin modifications around the 
break sites. The signal is achieved through active 
chromatin modification initiated by ATM-dependent 
phosphorylation of the histone variant H2AX to the
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ɣH2AX form. The ɣ-H2AX then binds to the tandem-
BRCA1 C-terminal domain of the mediator of DNA 
damage checkpoint 1 (MDC1), leading to down-
stream signalling. Incorrect processing of DSBs leads 
to chromosomal instability that can result in carcino-
genesis. Current research in antibody diversification 
aims to determine the proteins that are relevant to 
the CSR of B cells. B cells from B cell line CH12F3-2 
are specifically programmed to switch between class 
IgM to IgA in a typical CSR procedure. Protein 53BP1 
deficient B cells experience a radical decrease in 
CSR, however, it is unclear whether this results from 
a lack of repair function that 53BP1 fulfils or if 53BP1 
is required to bring distal switch regions into close 
proximity and assist in switch synapse formation.[3] 
Studies have focused on the latter hypothesis due to 
the increased levels of intraswitch region recombina-
tion of 53BP1 deficient B cells, which is consistent 
with 53BP1 promoting and stabilizing the synapsis of 
distant switch regions during CSR.[3]
Genes in heavy chain locus of an IgM expressing B cell.
Removal of DNA segment by enzyme activity between switch 
regions
Non-homologous end joining of DNA at switch regions
          Genes in heavy chain locus of an
                   IgG expressing B cell
Figure 1. CSR from IgM to IgA in B cells [8] 
Hypothesis
Recent studies have shown that both somatic hy-
permutation and CSR are dependent upon the ubiq-
uitination of proliferating cell nuclear antigen (PCNA). 
Proteins such as RNF8 and RNF168 are members of 
the E3 ubiquitin ligase cascade, and have proven their
significance in antibody diversification.[2] As members 
of the E3 ubiquitin ligase cascade, RNF20 and RNF40 
are factors contributing to the DNA damage response; 
therefore, it was hypothesized that they are necessary 
for the class switch recombination process of B cells. 
CSR should be limited with an absence of RNF20 and 
RNF40 genes, while an overexpression of the genes 
should lead to an increase of CSR in B cells.
Figure 2. Polymerase Chain Reaction [9]
Method and Variables
This study will investigate the effect of proteins 
RNF20 and RNF40 on class switch recombination in 
B cells. B cells that are deficient in these proteins 
should show a decrease in class switching to class 
IgA as a result of a decrease in CSR. RNF20 and
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Combination of Primer and cDNA type Observations
GAPDH primers with 2+ cDNA DNA molecule band not visible after amplifying GAPDH genes
GAPDH primers with 4+ and 7+ cDNA GAPDH primers amplify GAPDH genes in 4+ and 7+ cDNA, and 
negative control. cDNA bands are all present and of the predict-
ed sizesrelative to the ladder. Taqpolymerase was replaced by 
Phusion polymerase, which was more efficient, and was used in 
subsequent trials
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RNF40 will act as independent variables, while their 
impact on CSR will be the dependent variable. The B 
cells in the study were derived from the CH12F3-2 cell 
line. The CH12F3-2 cell line has been shown to be a 
faithful model for demonstrating the effects of protein 
knockouts such as 53BP1, RNF8, and RNF168. The 
CH123F3-2 cell line switches from IgM to IgA, there-
fore fluorescently-conjugated antibodies specific to 
IgA will be used to determine the level of switching to 
IgA with the overexpression of RNF20 and/or RNF40 
in this cell line. In addition, the deficiency of these 
genes should lead to a decrease in class switching 
to IgA. Using the B cell line, RNA was extracted to 
construct a cDNA library using reverse transcriptase. 
The cDNA library was produced from fully transcribed 
mRNA and therefore contained only the expressed 
genes of the cell line. Using Polymerase Chain Re-
action (PCR), RNF20 and RNF40 cDNAs from the 
cDNA library were amplified with specifically de-
signed primers, DNA polymerase, and buffer.
Primers for glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH)were used for the next phase 
of the experiment to specifically clone the GAPDH 
gene. The specific primers add excessive base pairs 
to the amplified cDNA which will later be digested by 
restriction enzymes for ligating intoa vector, as the 
restriction enzyme’s recognition sequenceislocated 
within the primers.Phusion® DNA Polymerase has 
a novel Pyrococcus-like enzyme fused with a pro-
cessivity-enhancing domain, which increases fidelity 
and speed. Gradient PCR between temperatures be-
tween 50°C and 70°C for 35 cycles was performed.
Each primer binds to one DNA strand produced 
during denaturation and this allows the primers to an-
neal to the target sequence with high specificity. After 
the primers have annealed to the complementary DNA 
sequences, the temperature is raised once again to 
replicate the DNA strands by the use of Phusion poly-
merase. Like Taq polymerase, Phusion is an enzyme 
that is active at high temperatures. Phusion DNA poly-
merase begins the synthesis process at the region 
boundby the primers. Due to it’s enhanced efficiency 
for cloning larger gene sequences,Phusion was used 
instead of Taqpolymerase.
Following gene amplification by PCR, the size of 
the DNA fragmentswas determined by gelelectropho-
resis. A 1:100 ratio of agarose powder to ethidium 
bromide buffer mixed with 5 µl of ethidium bromide 
was utilized. The gene size wasmeasured by refer-
ence to aladder dye showing a gradual increase in 
size, which was obtainedfrom the National Center 
of Biotechnology Information (NCBI), RNF20 and 
RNF40 amplified cDNA molecules were expected to 
be between 3 – 4 kbps. After it was confirmed that 
the DNA molecule hadundergone PCR amplifica-
tion yielding a product of the correct size, PCR pu-
rification was performed to remove contaminants.
Theprocess of determiningthe correct primers pairs 
wasthe most difficult procedure. Seven trials with 
seven different combinations of primers and cDNA 
were tested to yield a PCR product of the appropri-
ate size, including RNF20 5’UTR and RNF20 3’UTR, 
RNF20 Clone F and RNF20 Clone R, RNF40 5’UTR 
and RNF40 3’UTR, and RNF40 Clone F and RNF40 
Clone R. Observations were made regardingthe effi-
ciency of the primers and their effects on different cD-
NAsamples, and whether or not they were successful 
at amplifying the RNF20 and RNF40 genes. 
Observations and Results
Electrophoresis Gel Analyses
 To amplify the RNF20 gene, primers RNF20 
5’UTR, RNF20 3’UTR, RNF20 clone, RNF20 R1F1, 
R2F2, R1F2, and R2F1 were used to target the gene 
sequence for PCR. Similarly, primers RNF40 5’UTR 
and RNF40 3’UTR, RNF40 clone, RNF40 R1F1, 
R2F2, R1F2, and R2F1 were used to amplify the 
RNF40 gene. All trials contained one or more negative 
controls.  Negative controls were those without cDNA. 
Although over fourteen combinations were tested, only 
eleven electrophoresis results will be analyzed here. 
Visible DNA bands were present in PCR products of 
GAPDH and R2F1 primers, demonstrating success of 
the PCR method and specifically-designed primers.
RNF20/40 ‘UTR and clone primers with 
2+ cDNA
The same cDNA sample was tested with the four primers above. 
Clone primers consisted of extensions which were later digested 
by enzymes for ligation with vector; no bands were present for 
UTR or clone primers
RNF20/40 ‘UTR primers with cDNA from 
oligo dT-mediated reverse transcription
Two samples of cDNA, generated from oligo dT-mediated re-
verse transcription, were tested with RNF20/40 ‘UTR primers 
and Taq; no bands present
GAPDH primers and RNF20/40 ‘UTR 
primers with cDNA of oligo dT-mediated 
reverse transcription
Electrophoresis analyses of cDNA, generated from oligo dT-me-
diated reverse transcription with GAPDH and RNF20 and RNF40 
‘UTR primers. RNF20 and RNF40 ‘UTR primers result in streak-
ing with absence of DNA bands
RNF20/40 ‘UTR and clone primers with 
4+ and 7+ cDNA
RNF20 and RNF40 ‘UTR and clone primers were combined 
with 4+ and 7+ cDNA oligo-dT generated samples, no bands are 
present
F1 and F2 forward primers and ‘UTR 
reverse primers with 2+ cDNA
New forward primers are tested with UTR’ reverse primers, using 
consistent cDNA. No bands were present for RNF20 or RNF40
RNF20/40 F1R1 primers with 3+, 4+, 7+, 
8+ cDNA
RNF20 and RNF40 F1R1 primers were tested with saturated and 
unsaturated cDNA (3+, 4+, 7+, 8+). 3+ and 4+ were effective with 
both RNF20/40 primers while 7+ and 8+ were specific to RNF20 
and RNF40 respectively
RNF20 R1F2 with 3+, 4+, 7+ cDNA
RNF40 R1F2 with 3+, 4+, 8+ cDNA
cDNA 3+ ad 4+ were tested with RNF20 and RNF40 R1F2 prim-
ers, 7+ with only RNF20 and 8+ with only RNF40, no bands were 
present
RNF20 R2F2 with 3+, 4+, 7+ cDNA
RNF40 R2F2 with 3+, 4+, 8+ cDNA
cDNA 3+ ad 4+ were tested with RNF20 and RNF40 R2F2 prim-
ers, 7+ with only RNF20 and 8+ with only RNF40, no bands were 
present
RNF20 R2F1 with 3+, 4+, 7+ cDNA
RNF40 R2F1 with 3+, 4+, 8+ cDNA
cDNA 3+ and 4+ were tested with RNF20 and RNF40 R2F1 prim-
ers, 7+ with only RNF20 and 8+ with only RNF40. Faintbands 
were present in 4+ cDNA with RNF40, these samples were sub-
jected to PCR again to further amplify the RNF40 genes 
Table 1. Electrophoresis results
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Figure 3 - Trial 2. GAPDH primers amplifiedGAPDH 
genes in 4+ and 7+ cDNA, and negative control. cDNA 
bands are all present andof appropriate size relative 
to the reference ladder. Taq polymerase was replaced 
by Phusion polymerase, which proved to be more ef-
ficient, and thus was used in subsequent trials.
Figure 3 - Trial 5. Analysis of cDNA by gel electropho-
resis , generated from oligodT-mediated reverse tran-
scription with GAPDH, RNF20 and RNF40 ‘UTR prim-
ers. RNF20 and RNF40 ‘UTR primers resulted in gel 
smearing with an absence of discernible DNA bands.
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Figure 3 - Trial 11.  cDNA 3+ and 4+ were tested with 
RNF20 and RNF40 R2F1 primers, 7+ with only RNF20 
and 8+ with only RNF40. Faintbands are present in 4+ 
cDNA with RNF40; these samples werefurther ampli-
fied by PCR to increase the yield of RNF40 genes.
It can also be concluded that the following primers 
were unsuccessful in the process of PCR for cDNA:
RNF20 Primers
RNF20 PCR F1: GGAAGCCGGCTGGATGTAGACC
RNF20 PCR R1: AGGCCCAAGAAGAAAATGCT-
GAAA
RNF20 PCR F2: CCCATCTTCCCGGCCTGTAGT-
TAG
RNF20 PCR R2: CTTCAAGAGGAGTGGGCAAAAC
RNF20 5’UTR: ATGTCAGGAATTGGAAATAAAAG
RNF20 3’UTR: GCCAATGTAGATGCGATGGAA
RNF20 Clone F: GAACGGATCCCACCATGTCAG-
GAATTGGAAATAAAAG
RNF20 Clone R: TGTCGCGGCCGCTCAAGCGTA-
ATCTGGAACATCGTATGGGTATGATCCGCCAAT-
GTAGATGCGATGGAA
RNF40 Primers
RNF40 PCR F1: CCCGGAGAGCCCTGAGTTGC
RNF40 PCR R1: CAGGATGCGTGAGAAAGGGTA-
AAG
RNF40 PCR F2: GGCGCTTGGCTGACCCTACG
RNF40 PCR R2: AGCAGCCCATACACAACACCTCT
RNF40 5’UTR: ATGTCTGGCCTCAGCAACA
RNF40 3’UTR: GCTGATGTACACACGGTGG
RNF40 Clone F: GAACGCTAGCCACCATGTCTG-
GCCTCAGCAACA
RNF40 Clone R: TGTCGCGGCCGCTCAAGCGTA-
ATCTGGAACATCGTATGGGTATGATCCGCTGAT-
GTACACACGGTGG
Discussion and Future Steps
Figure 4. GAPDH primers provide a standard curve 
for 100 base pairs (bp) ladder.
By measuring the distance the band had travelled 
from the well in millimeters, its actual size in base 
pairs (bp) could be calculated using the standard 
curve for a 100 base pair (bp) ladder. It was observed 
that the bands created by GAPDH primers with 4+ 
and 7+ cDNA were generally consistent (Figure 3). 
When measured, the distance migrated from the well 
for 4+ was 13.5 mm while that of 7+ was 14 mm. Ac-
cording to the standard 100 bp curve (Figure 4), the 
size of the 4+ DNA molecule amplified by GAPDH 
primers was 350 bp, while that of 7+ was 400 bp. 
According to the National Center of Biotechnology 
Information, the DNA sizes for the GAPDH amplified 
cDNA molecule of 4+ and 7+ cDNA are correct. This 
shows that the GAPDH primers were successful in 
the PCR procedure, and that the 4+ DNA molecule 
was smaller than the 7+ molecule.
The failure of PCR in most trials may have been 
caused by a number of reasons, such as the inad-
equate design of primers, or that the buffer or tem-
perature range was not optimal. Another potential 
reason for the failure of the PCR reaction could have 
been with the limited amount of gene transcript avail-
able to serve as the template for the reaction to oc-
cur - the genes may have been expressed at very 
low levels, which would make PCR difficult. GAPDH 
primers showed inconsistency in the first two trials 
as no appropriate bands were present, indicating 
a lack of PCR product. In trial three, GAPDH prim-
ers achieved the correct amplicon size with different
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cDNA samples, including 4+ and 7+. However, 
RNF20 and RNF40 failed to amplify during PCR, 
as analysis bygel electrophoresis showed either 
streaks on the gel or no bands at all. These are 
signs of a problem with the PCR reaction. However, 
the experiment with Phusion polymerase proved to 
be more effective than that with Taq polymerase. In 
trial 5, the bands produced by Phusion were more 
prominent than those produced by Taq, indicating a 
more effective PCR reaction. In summary, it can be 
concluded that problems remain in the current PCR 
methodology. 
Figure 5. cDNA 3+, 4+, 7+, 8+ with R2F1 RNF20/40 
Primers
GAPDH is a relatively smallgene which is simple 
to target using specific primers designed to bind its 
template. Although RNF20 and RNF40 genes have 
been shown to be present in the B Cell cDNA, their 
large size ultimately leads to the failure of most PCR 
reactions. However, analysis byelectrophoresis gel 
of R2F1 (second reverse and first forward primers) 
displayed faintDNA bands in the RNF40 4+ region. 
To further this conclusion, the same PCR products 
underwent PCR again, whichamplified the same 
RNF40 gene regions. Slight DNA bands appeared 
once again, and werelimited to the RNF40 regions. 
This demonstrates that the RNF40 R2F1 primers still 
lack efficiency. Conclusions drawn from this study will 
further the understanding of amplifying RNF20 and
RNF40 in B cells toward the greater goal of discover-
ing their roles in the CSR of B cells.
In future experiments, the amplified, cleaned, re-
striction digestedRNF20 and RNF40 will be ligated 
with a specifically digested ampicillin-resistant vec-
tor and transformed in E. coli for mass production. 
Specific parts ofRNF20 and RNF40 will be digested 
by restriction enzymes, cutting it in a complementary 
fashion to allow for ligation into the expression vec-
tor. The digestion enzymes will be inactivated by per-
forming the reaction at a high tempearture. The PCR 
product and vector will then be combined by ligation 
using a DNA ligase enzyme, forming a plasmid that 
is resistant to the drug ampicillin. These are impor-
tant future procedures in determining the roles of the 
RNF20 and RNF40 proteins in the class switching of 
B cells. The plasmids will be placed into bacteria for 
large scale growth and will subsquently be used to 
test whether the plasmid was constructed correctly. 
Once confirmed, RNF20 and RNF40 containing vec-
tors will be trasnfected into the B cell line CH12F3-2 
and observations will be made as to whether the 
overexpression of these proteins have an effect on 
class switch recombination from IgM to IgA. The de-
gree to which the antibody isotype changes to IgA 
willbe determined by flow cytometric analyses. The 
protein depleted cells should exhibit no defects in 
proliferation, demonstrating that the reduced CSR 
is only due to the function of proteins RNF20 and 
RNF40. To gain insight into the role of these proteins 
in CSR, future steps include studying the effects of 
RNF20 and RNF40 knockouts on CSR. Since B cells 
switch from isotype IgM to IgA, fluorescently-conju-
gated antibodies in IgA can be used to determine the 
level of switching to IgA in the cell line CH123F3-2.[2]
The understanding of the roles of proteins RNF20 
and RNF40 will also further the knowledge of cellu-
lar responses to DNA damage, which is important in 
cancer classification and development. Genomic in-
stability results from DNA damage, tumour-specific 
DNA repair defects, and the failure to stop the cell 
cycle from spreading the damaged DNA to daughter 
cells.[5] Its pervasive nature is one of the most pre-
dominant aspects of tumour cells. The DNA damage 
response is able to protect against tumour progres-
sion and elucidates the therapeutics rationale for 
specifically targeting members of the DNA damage 
response pathways.[5]
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review of Characterizing RNF20 and RNF40 in the Class 
Switching of B Cells
The study authored by Cathy Tie, was performed to determine the roles of two proteins (RNF20 and RNF40) 
involved in class switch recombination (CSR) in B cells that results in antibody variations.  To test the roles of 
RNF20/40, a combined approach based on PCR and subsequent cloning into an over-expression system was 
proposed. 
The author should be commended for their effort, as the complexity of the subject matter combined with the 
technical challenges inherent to this type of research can be rather daunting. However, the technical problems 
that this research was fraught with detract from the effort. Due to the limitation of time, the most exciting part 
of this research has yet to be completed. 
The abstract for this paper is well formulated to draw the reader’s interest. Further, the abstract explains the 
research question pertaining to the roles of RNF20 and RNF40 in the CSR process of B cells, and its relevance 
to protective immunity.
The introduction section is very well written and has ample background information supported by refer-
enced primary research. By reading this section, one is well prepared for the subsequent sections. The inclu-
sion of Figure 1 is an effective use of illustration to explain a complex biological process, and flows well with 
the provided text.
It is good that the author presents a hypothesis statement that is supported by referenced data. However, 
the issue in this case is that the hypothesis is neither proven nor refuted by the end of this study, nor are any 
statements made in reference to the hypothesis in the Discussion and Future Steps section.
The “Methods and Variables” section begins by referring to studies that will occur (ie. use of fluorescently-
conjugated antibodies), and it misleads the reader into thinking that data will be presented on these experi-
ments. Future experiments should be discussed in the Discussion section of the paper. This section should 
focus on the current study. The methods section should include greater details or references for the products 
used for processes such as PCR purification.
The results section makes references to the primer combinations used for the study. These should be in-
cluded in the Methods section. All abbreviations in the table need to be defined so that the reader is informed 
about the identity of the data entries (ie. 2+ etc.).  A more complete explanation needs to be provided so that 
the data can be interpreted. Although there are technical issues that make this research project difficult, a clear 
presentation of the data is absolutely necessary, so that those who may follow this work know where to begin, 
and what not to replicate. It would have been nice to see all of the results –including the images of gels of failed 
PCR reactions for comparative purposes. It is difficult to suggest ways to improve the PCR conditions without 
observing the data (ie. band smearing, non-specific bands etc.).
In the discussion section, the author has tackled the issue of failures in their PCR reactions, and has indi-
cated the possible reasons for this. Having run thousands of PCR reactions myself, sometimes the simplest 
component (water) can be the source of the problem. The author’s paragraph concluding statement about 
problems remaining in the current PCR method should be followed with potential solutions to improve the 
process, such as redesigning the primers, changing the range of the gradient PCR, or using a different poly-
merase etc. This is always helpful for those following this work.
In the concluding paragraph, the author does a great job of broadening the scope of the potential findings 
of the proposed future research.
Kamal Garcha, Ph.D., Director, Cell Reprogramming and Engineering, Centre for Commercialization of 
Regenerative Medicine (CCRM), Toronto, Ontario
Cathy Tie   CharaCTerizinG rnF20 and rnF40 in The ClaSS SwiTChinG OF B CellS
